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What  is  Laser  Propulsion? 
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“Laser  propulsion  is  an  idea  that  may  produce  a 
revolution  in  space  technology.” 

JASON  Laser  Propulsion  Study,  Summer  77 
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Problems 

-  Lacks  Complete  Demonstration  After  31  Years  From  Conception 

-  Reduced  Funding  for  Demonstration 

-  Low  Interest 


Laser  Propulsion 
Performance  Relationships 
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Laser  Propulsion  (Project  Outgrowth) 

(Circa  1970) 


COLLOIDAL  CORE  HEAT  EXCHANGER 


THE  FOCUS  OF  INCOMING 
LIGHT  IS  ALSO  THE 
SOURCE  OF  PROPELLANT 


cV,HOL00t. 


Jg 

+*  73 

N 

«  z 

O  ox) 

£  2 

On 

5m 

o 

»5  « 

S3  C 

J  S 

"O 

a» 
o 

I 


rv 


CS  N. 

pfl  ©s 

«: 

§± 

'■C  <J 

Vi  w 

s 


s 

© 


< 

O  ^ 

u  £ 

>  O 
<  O 

H 


Laser  beam 


^Payload  to  GEO 


50 

O 

u 

3 

o 

3 

J- 

'*•* 

50 

-M 

J3 

.2f 

*S 


j= 

DC 


u 

CJ 

XfX 

*0 

O 

tfi 

c « 

pfi 

s 

#o 

1 

o 

CS 

u 

u 

B 

a 

C/5 

— 

13 

o 

o 

a 

1 

a 

i 

-c 

T5 

.Sf 

3 

4) 

g  & 

O  j_ 

5-  eS 


at 

► 


3  J 


C5 

« 

fe 


\ 


O 


50 

3 

u 

■C 


£  z 

4>  O 

>  hJ 


2* 

'3 


3 


I  I  I  I 


.2 

*-C 

c 

o 

■*■» 

o 

a 


£  S3 

«  *-c 

^  cs 

£J  ® 
2  © 
3 

4> 

o 
fl 
3 

E 

s- 

5 

s- 

a> 

Oh 


o 

03 

a 

50 

pfi 

OX) 


>> 

O 

C 

.2 

‘o 

£ 

4-* 

4> 

*3 

3 

3 

rv 

03 

4> 

4. 

03 


03 

to 

•N 

* 

33 

H  JS 

— ^  rs 

u 

o 

I 

a 

s- 

a> 

50 

JS 

S 

O 


S3 

o 

4)  H3 

.tS  s 

e 

1  & 

HH  Q 


4> 

50 

3 

c- 

2 


«g  3 

*3  2 

rj  S- 

Op  -A 

03  H 


I  I 


<Z5 

5 

03 

’W 


© 

s 

pfl 

o 

4> 

H 


OX) 

3 

s 

pfl 

4) 

4) 


03 

to 

4. 

T3  J2 

4>  O 

a-  « 

O  J3 

3  .ts 

►  £ 

4>  ^ 

g-  *53d 
g  a3 

S  S3 

r9 

U  C/5 


I  I 


co 

Os 

Os 


4> 

U 

CS 

a 

c« 


0 

a> 

>> 

JO 

a 

o 

0 


u. 

cs 


CM 


C5 

>% 

5- 

3 

T5 


s  «  § 

^  |  2 
55  ox) 
N  «  ss 

i  i 


« 


</5 

U. 

> 


3 

-  S 

o  ^ 

*»  wd  ’a 

a  a  a 

.2  ©  ** 
«)  WD  O 
</>  i  x 
S3  B  ** 

«  o  o 


4. 

4) 

60 

JS 

TJ 

4) 

50 

3 

pQ 


A 

50 

S3 

03 

50 

3 

4) 


50 

4> 

4. 

s 

y  50 

s  2 

4.  O 

■M  *S 
50  'g 

4>  4) 

OX)  W 

4.  — « 

-2  « 

^  « 

C  *- 

s  « 


> 

4-i 

o 


4) 

4) 

03 


60 

2 

S3 

o 


o 

c 


S3 

•» 

a  g 

Z  ^  5 

4)  -0  i 

^  a  3 

3  ai  — > 

2  fQ  s 

M  w  c 

fl  -a  c 

§d  S  *S 

-  03  O 


b  .2 

Jn  *■> 


C/5 

a> 

0 

V5 

C/5 


o  .2 

«  ts  tS 

>  2  3 

^  5  *C 

®  «3  ^ 

>  > 

I  I  I 


Laser  Sail  Design  Concepts 
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Agreement  (MO A)  to  work  together  on  the  Lightcraft. 

German  parabolic  pulsejet  tests  conducted  in  1999. 
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NASA  CFD  Studies  of  Lightcraft  Pulse  Dynamics 


PRESSURE  (ATM) 


NASA  CFD  Studies  of  Lightcraft  Pulse  Dynamics 


TEMPERATURE  (K) 


•fvr 


The  “Rocket  Equation” 

Applied  to  Single-Stage-to-Orbit  (SSTO) 
Space  Transportation  Concepts 


Specific  Impulse  (s) 
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Simplicity,  Reliability,  Safety,  Environmentally  Clean 
High  Launch  Rate  (All  azimuth,  ^i^lemand) 

Less  Than  $500  of  Electrical  Power  For  Launch  to  LEO 
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Electronics  in  Forebody 
Reentry  Capability 
Solar  Powered  in  Orbit 
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Communications  and  Relay  (i.e.,  Cellular  Phone) 
Tactical  Laser  Propulsion  (i.e.,  Hypersonic  KKV) 
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Pulsed  Laser  Vulnerability  Test  System 

(PLVTS) 
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Phase  I  Accomplishments 
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Phase  II  Accomplishments 
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Develop  high  temperature,  lightweight  ceramic  optic  with  reflective 
j^coating;^ 

Continue  flight  dynamics  and  air  inlet  studies/design:  , 

^Obtain  funding  for  100  kW  class  CQ2  electric  discharge  lasers 


Beam  Reducing  Telescope 
Used  For  Near  Field  Flights 


Separation  (cm) 


Field  Test  Telescope  (FTT) 


Payload  to  LEO:  1  kg/MW  (within  a  factor  of  2) 
Time  to  orbit:  400  to  1000  seconds 
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Laser  Propulsion  Wrap-Up 


xfi  O 
03  S 

O  O 

3  s 

a  On 
a>  © 
o  S- 

fi  & 

2  ® 
w  0 

S3  03 

o  a 

•  Pj  Q0 

3  £ 

fi<  Xfi 

©  o 

is 

©  a> 

_Q  O 

1  = 

>  o 

S3  ^ 

«  3 

S.3 


CJ 

CS  O 

s  ^ 

&  o 

00  00 

^  L- 

«>  © 
©  03 

©  at 

3  pO 


2« 

s-.S 

3  £ 
«  © 
J  -s 


a  « 

o  i. 

tj  « 

g  2 

S  .sp 


^  p 

<©  <> 

p*  o 


OJD  s 
O  O 
‘g  Wi 

,53  « 

S«5 
* 

o  J 


References 


Laser  Sails: 


rvJ.  tl-fUA 


'(±-U-d^cef 


>v\m  iv-viv 


u-V. 


aXo  lore vi 


lh  cc-v- . 


Marx,  G.,  “Interstellar  Vehicles  Propelled  by  Terrestrial  Laser  Beam,”  Nature,  2  July  66,  pp.  22- 
23. 


Norem,  P.C.,  “Interstellar  Travel,  A  Round  Trip  Propulsion  System  With  Relativistic  Velocity 
Capabilities,”  A69-42829,  American  Astronautical  Society  Joint  National  Meeting,  Denver  CO, 
17-20  Jun  69. 

Redding,  J.L.,  “Interstellar  Vehicle  Propelled  by  Terrestrial  Laser  Beam,”  Nature,  1 1  Feb  67,  pp. 
588-589. 


Willinski,  M.I.,  “Beamed  Electromagnetic  Power  as  a  Propulsion  Energy  Source,”  ARS  J.,  Aug 
59,  pp.  601-603. 

Xm** t  ^  if  60 - 

Laser  Propulsion:  r  fr-a&c6''  _  ,  i 

^  cvO- 

Anderson,  J.L.,  Rather,  D.G.  and  Powell,  J.R.,  “Beamed  Energy  for  Fast  Space  Transport,” 

AIAA  96-2785,  32nd  AIAA/ASME/SAE/ASEE  Joint  Propulsion  Con^  Lake  Buena  Vista  FL,  1- 
3  Jul  96. 


Amo,  R.D.,  MacKay,  J.S.,  and  Nishioka,  K.,  “Laser  Energy  Transfer  -  An  Analytic  Survey  of 
High  Power  Applications,”  NASA,  Advanced  Concepts  and  Missions  Div.,  OAST  Moffett  Field 

CA,  7th  Intersociety  Energy  Conversion  Conf,  1972. 

-mm. 

Bennett,  H.E.,  “High  Energy  Laser  Mirrors  and  Windows  -  Semi-Annual  Report  No.  5,” 
Michelson  Lab.,  Navel  Weapons  Ctr.,  China  Lake  CA,  Sep  74. 

LaJacvti^ov'v|(_uoo.) 

Berggren,  R.R.  and  Lenertz,  G.E.,  “Feasibility  of  a  30-Meter  Space  Based  Laser  Transmitter,” 
NASA  CR-134903,  Itek  Corp/<?  Lexington  MA,  For  NASA/LeRC,  Oct  75. 

drxkisvt 

Billman,  K.W.  (Ed.),  “Proceedings  of  the  Second  NASA  Conference  on  Laser  Energy 
Conversion,”  NASA  SP-395,  NASA  Ames  Research  C-tf^  Moffett  Field  CA,  27-28  Jan  75. 

Billman,  K.W.  (Ed.),  “Proceedings  of  the  Laser-Energy  Conversion  Symposium,”  NASA  TM  X- 
62,269,  Ames  Research  Center,  Moffett  Field  CA,  18-19  Jan  73. 


Birkan,  M.A.  (Ed.),  “Proceedings  -  Workshop  On  Laser  Propulsion,”  AFOSR-TR-88-1340, 
AFOSR/NA,  Bolling  AFB  DC,  10  Feb  88. 

Braun,  W.G.,  “Technique  for  Measuring  the  Absorption  Coefficient  of  a  Plasma,”  The  Review  of 
Scientific  Instmments,  V.  36,  No.  6,  Jun  65,  pp.  802-805. 


Brown  EA  and  Jones  M. V.,  “High  Energy  Laser  Technology  Assessment,”  Volume  I:  The 
Technology  Assessment  -  An  Initial  Study,  Harry  Diamond  Lab.,  Adelphi  MD,  For  Headquarters, 
Dept,  of  the  Army,  Washington  DC,  Jan  75. 

(pe»>L) 

Caveny,  L.H.  (Ed.),  “Orbit  Raising  and  Maneuvering  Propulsion:  Research  Status  and  Needs,” 
Review  Copies  of  Ch.  1,  Progress  in  Astronautics  and  Aeronautics  Series,  AFOSR,  Bolling  AFB 
DC,  6  May  83. 


Caveny,  L.H.  (Ed.),  Orbit-Raising  and  Maneuvering  Propulsion  Research  Status  and  Needs, 
Progress  in  Astronautics  and  Aeronautics,  Vol.  89,  American  Institute  of  Aeronautics  and 
Astronautics,  Inc.,  New  York  NY,  1984. 


Chapman,  P.K.  and  Otis,  J.H.,  “Laser  Absorption  Phenomena  in  Flowing  Gas  Devices  -  Final 
Report,”  AVCO  Everett  Research  laboratory,  Inc.,  Under  Contract  No.  NAS3-18559,  For 
NASA/Le£C,  Jun  76.  — 

w 

Chodzko,  R.A.,  Mason,  S.B.  and  Cross,  E.F.,  “Annular  Converging  Wave  Cavity,”  SAMSO-TR- 
76-115,  The  Aerospace  Corpc,  For  Air  Force  Weapons  Lab.,  1  Jun  76. 

Dyson,  F.J.  and  Perkins,  F.W.,  “Jason  Laser  Propulsion  Study,  Summer  1977,”  JSR-77-12, 
Stanford  Research  Institute,  Menlo  Park  CA,  For  ARP  A,  Dec  77. 


Feldman,  A.  et  al.,  “Optical  Materials  Characterization,”  NBS  TN-993,  National  Measurements 
Lab.,  NBS,  Washington  DC,  Feb  79. 

Ferriter,  N.M.  and  Winslow,  A.M.,  “Calculated  Intensity  Threshold  for  the  Maintenance  of  Laser- 
3  supported  Detonation  Waves  With  Various  Electron  Densities,”  TED-4500, UC-34a,  Lawrence 
'Eivemore  Lab.,  Livermore  CA,  10  Jun  74. 

Ferriter,  N.M.,  et  al.,  “Analysis  of  Efficient  Impulse  Delivery  and  Plate  Rupture  by  Laser- 
Supported  Detonation  Waves,”  UCRL-51836,  Lawrence  Livermore  Lab.,  Livermore  CA,  2  Jun 
75. 

Forward,  R.L.,  “Advanced  Propulsion  Concepts  Study  -  Comparative  Study  of  Solar  Electric  and 
Laser  Electric  Propulsion,”  Hughes  Research  Lab.,  Malibu  CA,  For  NASA/JPL,  Jun  75. 

Fowler,  M.C.,  Newman,  L  A.  and  Smith,  D.C.,  “Beamed  Energy  Coupling  Studies,”  AFRPL-TR- 
79-51,  United  Technologies  Research  Center,  East  Hartford  CT,  For  AFRPL,  Sep  79. 

Fowler,  M.C.  et  al.,  “Laser  Supported  Absorption  Waves,”  N921716-9,  United  Aircraft  Research 
Laboratories.  East  Hartford  CT,  For  ARP  A,  Mar  74. 

Fowler,  M.C.  et  al.,  “Laser  Supported  Absorption  Waves,”  N921716-7,  United  Aircraft  Research 
-Lab.,  East  Hartford  CT,  Jan  74. 

*******' 


Frisbee,  R.H.,  Horvath,  J.C.  and  Sercel,  J.C.,  “Space-Based  Laser  Propulsion  for  Orbital 
Transfer,”  JPL  D-1919,  Jet  Propulsion  Lab.,  Pasadena  CA,  Dec  84. 

Harris,  E.L.  and  Glowacki,  W.  J.,  “Absorption  of  CO  Laser  Radiation  by  Water  Vapor  Near  5 
pm,”  NOLTR  73-206,  Naval  Ordnance  Lab.,  Silver  Spring  MD,  26  Nov  73. 

Holmes,  B.S.  et  al.,  “The  Mechanical  Loads  From  LSD  Waves  And  Their  Simulation,  AFWL-TR- 
75-285,  V.  I  (Analysis  and  Pressure  Measurements),  Air  Force  Weapons  Laboratory,  Kirtland 
AFB  NM,  For  ARP  A,  Jul  76. 

Howgate,  D.W.,  Roberts,  T.G.  and  Gerry,  E.T.,  “New  Laser  Concepts  -  Executive  summary 
Report,”  U.S.  Army  Missile  Research  and  Development  Command,  Redstone  Arsenal  AL,  Nov 
77. 

Huberman,  M.  et  al.,  “Investigation  of  Beamed  Energy  concepts  for  Propulsion,”  AFRPL-TR-76- 
66,  Vols.  I  &  II,  TRW  Defense  and  Space  Systems  Gp.,  For  AFRPL,  Edwards  AFB  CA,  Oct  76. 

Jeng,  San-Mou  and  Keefer,  D.,  “A  Theoretical  Evaluation  of  Laser  Sustained  Plasma  Thruster 
Performance,”  AIAA-87-2166,  AIAA/SAE/ASME/ASEE  23rd  Joint  Propulsion  Con^,  San 
Diego  CA,  29  Jun-2  Jul  87.  c'r*n  u~ 

Jeng,  San-Mou  and  Keefer,  D.,  “Influence  of  Laser  Beam  Geometry  and  Wavelength  on  Laser- 
Sustained  Plasmas,”  AIAA-87-1409,  AIAA  19th  Fluid  Dynamics,  Plasma  Dynamics  and  Lasers 
Confi,  Honolulu  HA,  8-10  Jun  87. 

OrmuL 

Jeng,  San-Mou  and  Keefer,  D.,  “Numerical  Study  of  Laser-Sustained  Hydrogen  Plasmas  in  a 
Forced  Convective  Flow,”  J.  Propulsion,  Jun  89,  pp.  255-262. 

Jeng,  San-Mou  and  Keefer,  D.,  “A  Theoretical  Investigation  of  Laser-Sustained  Plasma 
Thruster,”  AIAA-87-0383,  AIAA  25th  Aerospace  Sciences  Meeting,  Reno  NV,  12-15  Jan  87. 

Jeng,  San-Mou  et  al.,  “Numerical  Study  of  Laser-Sustained  Argon  Plasmas  in  a  Forced 
Convective  Flow,”  AIAA-86-1078,  AIAA/ASME  4th  fluid  Mechanics,  Plasma^namics  and 

Lasers  Genf.,  Atlanta  GA,  12-14  May  86.  ~ 

y. 

Jeng,  San-Mou  and  Keefer,  D.,  “Numerical  Study  of  Laser-Sustained  Hydrogen  Plasmas  in  a 
Forced  Convective  Flow,”  AIAA-86-1524,  ALAA/ASME/SAE/ASEE  22nd  Joint  Propulsion 

Conl^,  Huntsville  AL,  16-18  Jun  86. 

ormu. 

Jones,  W.S.,  Forsyth,  J.B.  and  Skratt,  J.P.,  ‘Laser  Rocket  System  Analysis,”  NASA  CR  159521, 
Lockheed  Missiles  &  Space  Co,,  For  NASA/LeRC,  15  Mar  79. 

Jones,  W.S.  et  al.,  “Laser  Power  Conversion  System  Analysis,”  NASA  CR  159523,  Vols.  I  &  II, 
Lockheed  Missiles  &  Space  Ccv,  For  NASA/LeRC,  15  Mar  79. 


Kantrowitz,  A.,  "Propulsion  to  Orbit  by  Ground-Based  Lasers,”  Astronautics  Aeronautics, 

May  72,  pp.  74-76.  ~  T^-sCCCcTS 

Kare  J.T.,  “Laser-Powered  Heat  Exchanger  Rocket  for  Ground-To-Orbit  Launch,”  UCRL-JC- 
110910,  Lawrence  Livermore  National  Laboratory^  Livermore  CA,  7  Jul  92. 

Kare  J.T.,  “Development  of  Laser-Driven  Heat  Exchanger  Rocket  for  Ground-to-Orbit  Launch,” 
UCRL-JC-1 1 1 507,  Lawrence  Livermore  National  Laboratory,  Livermore  CA,  3 1  Aug  92. 

Kare  J.T.,  “Laser-Powered  Heat  Exchanger  Rocket  for  Ground-to-Orbit  Launch,”  J.  Propulsion 
&  Power,  V.  1 1,  No.  3,  May-Jun  95,  pp.  535-543.  dvJCCZJ 

Keefer,  D.  et  al.,  “Laser  Thermal  Propulsion,”  Reprint  from  Orbit-Raising  and  Maneuvering 
Propulsion:  Research  Status  and  Needs,  84,  pp.  129-148. 

Keefer,  D.R.,  Henriksen,  B.B.  and  Braerman,  W.F.,  “Experimental  Study  of  a  Laser  Sustained  Air 
Plasma,”  BRL  MR  2416,  USA  Ballistic  Research  Lab.,  Aberdeen  Proving  Ground  MD,  Oct  74. 

Keefer,  D.,  Jeng,  S-M,  and  Welle,  R,  “Laser  Thermal  Propulsion  Using  Laser  Sustained 
Plasmas,”  LAF-86-17S,  37th  Congress  of  the  International  Astronautical  Federation,  Innsbruck, 
Austria,  4-11  Oct  86. 

Keefer  D.R.,  Smith,  L.M.  and  Sudharsanan,  S.I.,  “Abel  Inversion  Using  Transform  Techniques,” 
ICALEO  ‘86  Laser  Applications  Conf.,  Arlington  VA,  Nov  86. 

Keefer,  D.,  Welle,  R.  and  Peters,  C.,  “Power  Absorption  in  Laser-Sustained  Argon  Plasmas,” 
AIAA  J.,  V.  24,  No.  10,  Oct  86,  pp.  1663-1669. 

Keefer,  D.  Welle,  R.  and  Peters,  C.,  “Power  Absorption  Processes  in  Laser-sustained  Argon 
Plasmas,”  AIAA-85-1552,  AIAA  18th  fluid  dynamics  &  Plasmaclynamics  &  Laser  conf/, 

Cincinnati  OH,  16-18  Jul  85.  ^  ~  "  ‘-erCvwL 

Keefer,  D.,  Crowder,  H.  and  Peters,  C.,  “Laser  Sustained  Argon  Plasmas  in  a  Forced  Convection 
Flow,”  AIAA-85-0388,  AIAA  23rd  Aerospace  Sciences  Meeting,  Reno  NV,  14-17  Jan  85. 

Keefer  D  “Picosecond  Laser  Breakdown  Thresholds  in  Gases,”  AFOSR-86-03 17,  University  of 
Tenfrppace  Institute,  Tullahoma  TN,  For  AFOSR,  30  Sep  91. 

tec 

Keefer,  D.,  Peters,  C.  and  Crowder,  H.,  “A  Re-examination  of  the  Laser-Supported  Combustion 
Wave,”  AIAA  J.,  V.  23,  No.  8,  Aug  85,  pp.  1208-1212. 

Kemp,  N.H.  and  Krech,  R.H.,  “Laser-Heated  Thruster  -  Final  Report,”  NASA  CR-161666  (PSI 
TR-220),  NASA/MSFC,  Marshall  Space  Flight  Center  AL,  Sep  80. 


Kemp,  N.H.  and  Rosen,  D.I.,  “Laser  Propulsion,”  AIAA-84-1445,  AIAA/SAE/ASME  20th  Joint 

Propulsion  Con£,  Cincinnati  OH,  11-13  Jun  84. 

tU'CvlUL 

Kemp,  N.H.  and  Root,  R.G.,  “Analytical  Study  of  Laser  Supported  Combustion  Waves  in 
Hydrogen,”  NASA  CR-135349  (PSI TR-97),  NASA/LRC,  Cleveland  OH,  Aug  77. 

Kemp,  N.H.  et  al.,  “Laser-Heated  Rocket  Studies,”  NASA  CR-135127  (PSI  TR-53), 
NASA/LRC,  Cleveland  OH,  May  76. 

Kemp,  N.H.  and  Lewis,  P.F.,  “Laser-Heated  Thrusters  -  Interim  Report,”  NASA  CR-161665 
(PSI  TR-205),  NASA/MSFC,  Marshall  Space  Flight  Center  AL,  Feb  80. 

Klosterman,  E.L.  and  Byron,  S.R.,  “Experimental  Study  of  Subsonic  Laser  Absorption  Waves  - 
Final  Report,”  AFWL-TR-74-3,  Mathematical  Sciences  Northwest,  Inc.,  For  ARP  A,  Mar  75. 

Krier,  H.,  et  al.,  “Energy  Conversion  Measurements  in  Laser-Sustained  Argon  Plasmas  for 
Application  to  Rocket  Propulsion,”  Am^l^Technical  Report  Submitted  to  AFOSR,  Dept,  of 
Mechanical  and  Industrial  Engr.,  U^o^Ulinois,  Urbana-Champaign,  Apr  88. 

Marcus,  S.  et  al.,  “Laser  Heating  of  Metallic  Surfaces,”  LTP-3 1,  Lincoln  Lab.,  For  DARPA,  20 
May  76. 

Mazumder,  J.,  Rockstroh,  T.J.,  and  Krier,  H.,  “Spectroscopic  Studies  of  Plasma  During  CW 
Laser  Gas  Heating  in  Flowing  Argon,”  J.  A.ppl.  Phys.  62  (12),  15  Dec  87. 

Mead,  F.B.,  Jr.  (Ed.),  “Advanced  Propulsion  Concepts  -  Project  Outgrowth,”  AFRPL-TR-72-31, 
Air  Force  Rocket  Propulsion  Lab.,  Edwards  AFB  CA,  Jun  72. 

Minovitch,  M.A.,  “Reactorless  Nuclear  Propulsion  -  -  The  Laser  Rocket,”  ALAA  Paper  No.  72- 
1095,  AIAA/SAE  8th  Joint  Propulsion  Specialist  Conf,,  New  Orleans  LA,  29  Nov  - 1  Dec  72. 

€v‘£*\.Q_ 

Minovitch,  M.A.,  “Performance  Analysis  of  a  Laser  Propelled  Interorbital  Transfer  Vehicle,” 
NASA  CR-134966,  Phaser  Telepropulsion,  Inc.,  For  NASA/LeRC,  Feb  76. 

Minovitch,  M.A.,  “The  Laser  Rocket  -  A  Rocket  Engine  Design  Concept  for  Achieving  a  High 
Exhaust  Thrust  With  High  L,p,”  TM  393-92,  Jet  Propulsion  Lab.,  Pasadena  CA,  18  Feb  72. 

Minovitch,  M.A.,  “Laser  Rocket,”  Patent  #3,825,21 1,  23  Jul  74. 

Minovitch,  M.  A.,  “Reactorless  Nuclear  Propulsion  -  The  Laser  Rocket,”  AIAA  Paper  No.  72- 
1095,  AIAA/SAE  8th  Joint  Propulsion  jpecialist  Con^New  Orleans  LA,  29  Nov-1  Dec  72. 

Minovitch,  M.A.,  “An  Orbiting  High  Power  Laser  Weapon  System  for  Defense  Against  Hostile 
ICBM’s,”  TR  201-2,  Phaser  Telepropulsion,  Inc.,  Los  Angeles  CA  13  Aug  73. 


Minovitch,  M.A.,  “Orbiting  Space  Vehicles  That  Dip  Into  the  Outer  Atmosphere  of  a  Natural 
Celestial  Body  to  Collect  and  Liquify  Gas  for  Rocket  Propellant,  Life  Support  and  Other  Space 
Operations,  TR  101-3,  Phaser  Telepropulsion,  Inc.,  Los  Angeles  CA,  17  Dec  72. 

Minovitch,  M.A.,  “Thrusting  Maneuvers  for  Telepropelled  Reusable  Orbiting  Space  Tugs 
Drawing  Power  From  One  Earth-Based  Transmitting  Station,”  TR  101-9,  Phaser  Telepropulsion, 
Inc.,  22  Jun  73. 

Myrabo,  L.  and  Ing,  D.,  The  Future  of  Flight,  Baen  Enterprises,  8-10  W.  36th  St.,  New  York 
NY,  198£r) 

Nebolsine,  et  al.,  “Pulsed  Laser  Propulsion  -  Final  Report,”  PSI TR-108,  Physical  Sciences  Inc., 
Woburn  MA,  Feb  78. 

Pirri,  A.N.,  Simons,  G.A.  and  Nebolsine,  P.E.,  “The  fluid  Mechanics  of  Pulsed  Laser  Propulsion  - 
Final  Report,”  PSI  TR-60,  Physical  Sciences  Inc.,  Wobum  MA,  Jul  76. 

Pirri,  A.N.  and  Monsler,  M.J.,  “Propulsion  by  Absorption  of  Laser  Radiation,”  AIAA  Paper  No. 

73-624,  AIAA  6th  Fluid  and  Plasma  Dynamics  Conf»,  Palm  Springs  CA,  16-18  Jul  73. 

ev£v\ 

Pirri,  A.N.  and  Weiss,  R.F.,  “Laser  Propulsion,”  AIAA  Paper  No.  72-719,  AIAA  5th  Fluid  and 
Plasma  Dynamics  Corr^ Boston  MA,  26-28  Jun  72. 

“Preliminary  Evaluation  of  Pulsed  Weapons  (PEPWEP):  Appendices  A,  B,  C,  D,  and  E,”  Vol.  n, 
Science  Applications,  Inc.,  Jun  75. 

“Pulsed  Laser  Propulsion  -  A  Program  Status  Presentation  to  DARPA,”  Physical  Sciences  Inc.,  1 
Aug  80. 

Reilly,  D.A.  and  Rostler,  P.S.,  “Pre-Breakdown  Laser  Target  Vaporization  and  Enhanced 
Thermal  Coupling  -  Final  Report,”  AVCO  Everett  Research  laboratory,  Inc.,  Under  Contract  No. 
N000 14-73 -C-045 7,  For  ARPA,  Aug  74.  ^ 

Rice,  D.K.,  “Absorption  Measurements  of  Carbon  Monoxide  Laser  Radiation  by  Water  Vapor,” 
NLSD  72-1 1R,  Northrop  Corp.,  Hawthorne  CA,  For  ARPA,  Jul  72. 

Rockstroh,  T.J.,  and  Jyotirmoy,  M.,  “Spectroscopic  Studies  of  Plasma  During  CW  Laser 

Materials  Interaction,”  J.  Appl.  Phys.  61  (3),  1  Feb  87. 

' 

Rosen,  D.  et  al.,  “Experimental  and  Theoretical  Studies  of  Laser  Propulsion  Phenomenology  - 
Interim  Report,”  PSI  TR-371,  AFOSR,  Bolling  AFB,  Washington  DC,  Mar  84. 

Rosen,  D.I.,  Kemp,  N.H.,  and  Miller,  M.,  “Studies  of  a  Repetitively-Pulsed  Laser  Powered 
Thruster,”  PSI  TR-358,  Physical  Sciences  Inc.,  Wobum  MA,  Jan  83. 


Rosen  D.I.  et  al.,  “Pulsed  Laser  Propulsion  Studies,”  PSI TR-184,  Physical  Sciences  Inc., 

Woburn  MA,  Oct  82 £ 

V 

Schriempf,  J.T.,  “Response  of  Materials  to  Laser  Radiation:  A  Short  Course,”  NRL  Report  7728, 
Naval  Research  Lab.,  Washington  DC,  10  Jul  74. 

Selph,  C.,  “Overview  of  Laser  Propulsion,”  Unpublished  Paper,  AFRPL,  Edwards  AFB  CA,  19 
Sep  86. 

Shoji,  J.M.  and  Larson,  V.R.,  “Performance  and  Heat  Transfer  Characteristics  of  the  Laser- 
Heated  Rocket  -  A  Future  Space  Transportation  System,”  AIAA  76-1044,  AIAA  International 
Electric  Propulsion  Coni^Key  Eliscayne  FL,  14-17  Nov  76. 

Shoji,  J.M.,  “Laser-Heated  Rocket  Thruster,”  NASA  CR-135128,  Rocketdyne  Divj^kockwell 
International,  For  NASA/LeRC,  May  77. 

Smith,  L.M.  and  Keefer,  D.R.,  “The  Fourier  Optical  Analysis  of  Aberrations  in  Focussed  Laser 
Beams,”  Proceedings  at  SPEE’s  30th  Annual  International  Technical  Symposium,  San  Diego  CA, 
Aug.  86. 

Taussig,  R.  et  al.,  “Design  Investigation  of  Solar  Powered  Lasers  for  Space  Applications, ”MSNW 
79-1087/1090-1,  Mathematical  Sciences  Northwest,  Inc.,  For  NASA/LeRC,  May  79. 

Walters,  C.T.  and  Barnes,  R.H.,  “An  Investigation  of  Mechanisms  of  Initiation  of  Laser- 
Supported  Assoprtion  (LSA)  Waves,”  Batelle,  Columbus  Lab.,  Columbus  OH,  For  DARPA,  Jun 
74. 


Walters,  C.T.,  Barnes,  R.H.  and  Beverly,  R.E.,  m,  “An  Investigation  of  Initiation  of  Laser- 
Supported  Absorption  (LSA)  Waves,”  Battelle,  Columbus  Lab.,  Columbus  OH,  Jan  75. 

Welle,  R.P.  and  Keefer,  D.R.,  “Imaging  of  Continuum  Emission  for  Diagnostics  of  Laser 
Sustained  Plasmas,”  Proceedings  of  First  International  Laser  Science  Conf^Nov  85. 

Welle,  R.P.,  Keefer,  D.R.  and  Peters,  C.,  “Energy  Conversion  Efficiency  in  High-Flow  Laser- 
Sustained  Argon  Plasmas,”  AIAA-86-1077,  AIAA/ASME  4th  Fluid  Mechanics,  Plasma  Dynamics 
and  Lasers  Conference,  Atlanta  GA,  12-14  May  86. 


Young,  L.  A.,  Woodroffe,  J.A.  and  Bresssell,  E.R.,  “Laser  Effects  Assessment  Program,”  AVCO 
Everett  Research  laboratory,  Inc.,  Under  Contract  No.  DASG60-76-C-0059,  For  DARPA,  Jan 


78. 


‘Laser  Lightcraft' 


■». 


- 


Jones,  R.A.  et  al  .,  ^Experimental  Investigation  of  an  Axisymmetric  Hypersonic  Scramjet  Inlet  for 
Laser  Propulsion,^  J.  Propulsion  &  Power,  V.  8,  No.  6,  92,  pp.  1232-1238. 


(J: h*J  C  c  s 


Jones,  R.  A.  et  al.,  (Experimental  Investigation  of  a  3-D  Scramjet  Inlet  for  Laser  Propulsion  at 
Mach  Numbers  of  10  to  25  and  Stagnation  Temperatures  of  800  to  4100°  K,CAIAA  29th 
Aerospace  Sciences  Meeting,  Reno  NV,  7-10  Jan  91. 

Kennedy,  W.C.  et  al.,  ^Acoustic  Noise  Generated  by  a  Laser-Boosted  Transatmospheric 
Spacecraftp-accepted  for  publication  in  J.  Propulsion  &  Power. 

Lyons,  P.W.  et  al.,  ^Experimental  Investigation  of  a  Unique  Airbreathing  Pulsed  Laser  Propulsion 
Concept^  ALAA  Paper  #91-1922,  given  at  the  AIAA/SAE/ASME  27th  Joint  Propulsion 
24-26  Jun  91. 

Mead,  F.B.,  Jr.,  Myrabo,  L.N.  and  Messitt,  D.G.,  “Flight  and  Ground  Tests  of  a  Laser-Boosted 
Vehicle,”  AIAA  98-3735,  34th  AIAA/ASME/SAE/ASEE  Joint  Propulsion  Conference  &  Exhibit, 
Cleveland  OH,  13-15  Jul  98. 

Messitt,  D.G.  et  al.,  ^Computational  vs.  Experimental  Performance  of  an  Axisymmetric 
Hypersonic  Inlet  for  Laser  Propulsion,® AIAA  Paper  #91-25447,  AIAA/SAE/ASME  27th  Joint 
Propulsion  Con£,  24-26  Jun  91,  Sacramento  CA. 

Minucci,  M.  and  Myrabo,  L.N.,  ^Phase  Distortion  in  a  Propulsive  Laser  Beam  Due  to  Aero- 
Optical  Phenomena,^  J.  Propulsion  and  Power,  V.  6,  No.  4,  Jul-Aug  90,  pp.  416-425. 

Moder,  J.P.  et  al.,  “Laser-Energized  MHD  Generator  for  Hypersonic  Electric  Air-Turborockets,” 
AIAA-87-1816,  AIAA/SAE/ASME/ASEE  23rd  Joint  Propulsion  Conference,  San  Diego  CA  29 
Jun-2  Jul  87. 

Myrabo,  L.N.,  “Advanced  Beam-Energy  and  Field  Propulsion  Concepts,”  BDM/W-83-225-TR, 
The  BDM  Corp^,  McLean  VA  For  NASAJPL,  31  May  83 

Myrabo,  L.N.  et  al.,  “Transatmospheric  Laser  Propulsion  -  The  Lightcraft  Technology 
Demonstrator,”  Rensselaer  Polytechnic  Institute,  Troy  NY,  For  Lawrence  Livermore  National 
Lab.  and  the  SDIO  Laser  Propulsion  Program,  30  Jun  89. 

Myrabo,  L.N.  et  al.,  ^Laser-Boosted  Lightcraft  Technology  Demonstrator®  Proc.  of  the  First 
International  Conference  on  Hypersonic  Flight  in  the  21st  Century,  Grand  Forks  ND,  20-23  Sep 
88;  ISBN  No.  0-9608700-106.  University  of  North  Dakota,  Department  of  Space  Studies,  Jan  89, 
pp.  353-365. 

Myrabo,  L.N.  et  al.,  ^Transatmospheric  Laser  Propulsion^Final  Technical  Report,  prepared 
under  Contract  No.  2073803  for  Lawrence  Livermore  National  Laboratory  and  the  SDIO  Laser 
Propulsion  Program,  30  Jun  89. 

Myrabo,  L.N.,  Messitt,  D.G.  and  Mead,  F.B  .,  Jr.,  “Ground  and  Flight  Tests  of  a  Laser  Propelled 
Vehicle,”  ALAA  98-1001,  36th  Aerospace  Sciences  Meeting  &  Exhibit,  Reno  NV,  12-15  Jan  98. 


Myrabo,  L.N.  et  al.,  “Monocle  Shuttle:  Strategic  Applications  of  the  RBR/FBR,”  BDM/W-82- 
671-TR,  The  BDM  Corp*,  McLean  VA,  For  DARPA,  Dec  82. 

Myrabo,  L.N.,  “Solar-Powered  Global  Air  Transportation,”  AIAA  78-689,  AIAA/DGLR  13th 
International  Electric  Propulsion  Conference,  San  Diego  CA,  25-27  Apr  78. 

Nyberg,  G.A.  et  al.,  “Performance  Analysis  of  a  Laser-Heated  Single-Stage-to-Orbit 
Shuttlecraft,”  AIAA-87-1815,  AIAA/SAE/ASME/ASEE  23rd  Joint  Propulsion  Conference,  San 
Diego  CA,  29  Jun-2  Jul  87. 

Powers,  M.V.,  Zaretzky,  C.  and  Myrabo,  L.N.,  “Analysis  of  Beamed-Energy  Ramjet/Scramjet 
Performance,”  ALAA-86-1761,  ALAA/SAE/ASME/ASEE  22nd  Joint  Propulsion  Conference, 
Huntsville  AL,  16-18  Jun  86. 

Strayer,  T.D.  et  al.,  “Investigation  of  Beamed-energy  ERH  Thruster  Performance,”  AIAA-86- 
1760,  ALAA/SAE/ASME/ASEE  22nd  Joint  Propulsion  Conference,  Huntsville  AL,  16-18  Jun  86 

Walton,  D.,  List,  G.F.  and  Myrabo,  L.N.,  “Economic  Analysis  of  a  Beam-Powered  Global 
Aerospace  Transportation  System,”  AIAA-89-2443,  AIAA/ASME/SAE/ASEE  25th  Joint 
Propulsion  Conference,  Monterey  CA  10-12  Jul  89. 


NASA  Lightcraft  Propulsion: 

Phipps,  C.R.,  “NASA  Design  Study:  Optimized  Parameters  for  Laser  Space  Propulsion,” 
Photonic  Associates,  Santa  Fe  NM,  For  NASA/MSFC,  15  Dec  99. 

Phipps,  C.R.  et  al.,  “Enhanced  Vacuum  Laser-Impulse  Coupling  by  Volume  Absorption  at 
Infrared  Wavelengths,”  Laser  and  Particle  Beams  (1990),  vol.  8,no.  1-2,  pp.  281-298. 

Phipps,  C.R.  and  MSchaelis,  M.M.,  “LISP:  Laser  Impulse  Space  Propulsion,”  Laser  and  Particle 
Beams  (1994),  vol.  12,  no.  1,  pp.  23-54. 


